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Low temperature (∼ 20 K) electron irradiation with 2.5 MeV relativistic electrons was used to
study the effect of controlled non-magnetic disorder on the normal and superconducting properties
of the type-II Dirac semimetal PdTe2. We report measurements of longitudinal and Hall resistiv-
ity, thermal conductivity and London penetration depth using tunnel-diode resonator technique for
various irradiation doses. The normal state electrical resistivity follows Matthiessen rule with an
increase of the residual resistivity at a rate of ∼0.77µΩcm/(C/cm2). London penetration depth
and thermal conductivity results show that the superconducting state remains fully gapped. The
superconducting transition temperature is suppressed at a non-zero rate that is about sixteen times
slower than described by the Abrikosov-Gor’kov dependence, applicable to magnetic impurity scat-
tering in isotropic, single-band s-wave superconductors. In order to gain information about the gap
structure and symmetry of the pairing state, we perform a detailed analysis of these experimental
results based on insight from a generalized Anderson theorem for multi-band superconductors. This
imposes quantitative constraints on the gap anisotropies for each of the possible pairing candidate
states. We conclude that the most likely pairing candidate is an unconventional A+−1g state. While
we cannot exclude the conventional A++1g and the triplet A1u, we demonstrate that these candidates
require additional assumptions about the orbital structure of the disorder potential to be consistent
with our experimental results, e.g., a ratio of inter- to intra-band scattering for the singlet state
significantly larger than one. Due to the generality of our theoretical framework, we believe that it
will also be useful for irradiation studies in other spin-orbit-coupled multi-orbital systems.
I. INTRODUCTION
The layered transition metal dichalcogenide (TMD) su-
perconductor PdTe2
1,2 has received renewed interest re-
cently after the discovery of type-II Dirac points in its
bulk band structure3. As shown by angle-resolved photo-
emission (ARPES) and density-functional theory (DFT)
calculations4,5, the nodal points, which are protected by
three-fold rotation symmetry, lie about 0.6 eV below the
Fermi energy EF and occur along the Γ-A line in the Bril-
louin zone. The Fermi surface consists of several electron
pockets around the K and K′ points and two hole pock-
ets around Γ, whose energy bands eventually cross at the
Dirac point. A proposed mechanism that can explain the
occurrence of this crossing6 invokes a band inversion of
chalcogenide p states in this strongly spin-orbit coupled
material and was shown to be relevant for a number of
other TMDs as well.
PdTe2 becomes superconducting below a transition
temperature of Tc = 1.7 K
1,2. The superconducting
state was consistently found to be fully gapped in a num-
ber of experiments performing thermodynamic7, pen-
etration depth8, scanning tunnel microscopy (STM)9,
and heat capacity10 measurements. Superconductivity
was reported to be of type-I based on magnetization
7 and muon spin rotation11 studies. This is consis-
tent with an experimentally observed Ginzburg ratio of
κ = ξ/λ ' 0.52 < 1/√2, when ξ and λ are directly ex-
tracted from critical field Hc(0)
7 and penetration depth8
measurements, respectively.
The presence of strong spin-orbit coupling and band
inversions provide a natural motivation for a detailed in-
vestigation of the symmetry of the superconducting pair-
ing state in this multi-band system. In a previous work,
Teknowijoyo et al.8 have performed a systematic classifi-
cation of all possible translationally invariant supercon-
ducting pairing states in PdTe2 based on its point group
D3d. Using the condition of a full gap left only three
candidates remaining: an s-wave superconductor that
transforms trivially under all lattice symmetries (A1g),
an odd-parity p-wave triplet state (A1u) and a generically
anisotropic triplet state eu(1,0). While the s-wave state is
topologically trivial, the two odd-parity superconducting
phases can exhibit non-trivial topology depending on the
relative sign of the gap on the different Fermi pockets.
One well-known approach to obtain further insight
into the pairing symmetry is to investigate the behavior
of the superconducting phase under tuning the amount
of disorder in the system. In particular, the rate at
which the transition temperature Tc changes with the
disorder level can provide information about the pair-
ing state. This technique was successfully applied to
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2various superconducting materials, for example, to the
cuprates, ruthenates and the iron-based superconduc-
tors12–18. Here, we use electron irradiation to study the
impact of non-magnetic disorder on the superconducting
and the normal state in single-crystals of PdTe2. Irradi-
ation with relativistic electrons in the MeV energy range
at low-temperatures (at about 20 K) is known as the most
clean and controllable way to create point defects, pre-
dominantly in the form of vacancies and interstitials19.
Employing a combination of transport and London pen-
etration depth measurements using a tunnel diode res-
onator (TDR) technique20,21, we find that the supercon-
ducting state remains fully gapped after irradiation. We
observe that the transition temperature Tc is suppressed
with increasing levels of disorder, yet the rate of sup-
pression is found to be notably lower than predictions of
the Abrikosov-Gorkov (AG) theory for magnetic impu-
rity scattering in s-wave superconductors22.
To interpret these experimental observations, one
notes that, since the early work of Anderson23, and
Abrikosov and Gorkov24,25, it is known that the su-
perconducting state can enjoy protection against cer-
tain forms of disorder that obey appropriate symme-
tries: the transition temperature Tc of a single-band,
s-wave superconductor with an isotropic gap is indepen-
dent of the amount of non-magnetic, i.e., time-reversal
symmetric (TRS), disorder. This phenomenon is com-
monly referred to as “Anderson theorem”. In contrast,
Tc is reduced by the presence of magnetic impurities,
i.e., time-reversal anti-symmetric (TRA) disorder. For
a single-band, isotropic s-wave superconductor, Tc then
follows the well-known AG law22. This is different for
anisotropic gap functions, e.g, with (anisotropic) s-, p-
or d-wave symmetry, for which Tc is sensitive to TRS
disorder already26–34. The decrease of Tc as a function of
an increasing scattering rate off non-magnetic impurities
is therefore often (yet sometimes wrongly) regarded as a
signature of unconventional superconductivity.
The situation in multi-orbital and multi-band uncon-
ventional superconductors is significantly more rich32.
For example, the gap function can take different val-
ues35 or even different signs36,37, on different Fermi
pockets, leading to a different sensitivity with respect
to inter- and intraband scattering processes38–40. Fur-
thermore, spin-orbit coupling has been demonstrated to
be able to enhance the stability of the superconduct-
ing state against disorder in both centrosymmetric41,42
and non-centrosymmetric43 multi-orbital systems. Inter-
estingly, a generalization of the Anderson theorem for
the multi-orbital and multi-band case has recently been
derived44,45, which shows that unconventional pairing
states can also enjoy protection against certain forms of
disorder. For instance, a two-band superconductor with
a sign-changing s+− gap function is protected against
TRA interband scattering as long as the size of the gap
is equal on both Fermi surfaces44.
In Ref. 45, the general form of this Anderson theorem
was derived and expressed in terms of (anti)commutators
of the superconducting order parameter, the disorder po-
tential, and the normal state Hamiltonian, thus, assum-
ing a purely algebraic form that can be readily applied
in any basis. We will review this form of the general-
ized Anderson theorem; we show that the rate at which
Tc decreases with increasing scattering strength is deter-
mined by a Fermi-surface average of precisely the same
(anti)commutator that also enters the generalized An-
derson theorem. As a result, if the (anti)commutator-
relations are only weakly violated, Tc decreases slowly
and superconductivity is significantly more protected
than described by the AG law. We will see how special
cases of the expression for the reduction of Tc reproduce
well-known results of the literature.
The presence of strong spin-orbit coupling can largely
suppress the rate at which Tc decreases with disor-
der41–43,45. This results from a mixing of spin and orbital
degrees of freedom that can potentially lead to a reduced
overlap of the wavefunctions of scattering partners un-
der the natural assumption that impurity scattering acts
trivial in orbital space. Michaeli and Fu have shown in a
k · p model relevant to doped Bi2Se3 that if the normal
state Hamiltonian obeys an additional symmetry, such
“spin-orbit locking” can even lead to a complete protec-
tion against disorder for fully gapped odd-parity super-
conductors41. We will see below that this result readily
follows from the generalized Anderson theorem of Ref. 45,
revealing the general conditions for symmetry-enhanced
protection of superconductivity against disorder.
Based on these insights and since the Fermi surface in
PdTe2 consists of several electron and two hole pockets,
we analyze our experimental result of weak Tc suppres-
sion under irradiation within the framework of this gen-
eralized Anderson theorem. This allows us to describe
the different pairing scenarios within one framework. We
employ the experimentally measured slope of the Tc sup-
pression with increasing scattering to make quantitative
predictions on the properties of the different pairing state
candidates. For instance, an s-wave pairing state that
has the same sign on all Fermi surfaces, denoted by A++1g
below, must exhibit a rather substantial degree of mo-
mentum dependence of the superconducting gap to be
consistent with the data. More precisely, the ratio of
gaps on different Fermi sheets must be at least 2. Fi-
nally, the odd-parity A1u pairing is only consistent with
the data, if the bands that make up the Fermi surface
exhibit a substantial mixing of even and odd parity wave-
functions. This work exemplifies the predictive power of
this combined experimental-theoretical approach to con-
strain the microscopic superconducting order parameter
by controllably tuning the amount of non-magnetic dis-
order. At the same time, it also highlights important
caveats in the interpretation of disorder-induced suppres-
sion of Tc in multi-orbital systems with strong spin-orbit
coupling.
The remainder of this paper is organized as follows. In
Sec. II, we describe the experimental details of our mea-
surement setup. Our experimental results of resistivity,
3Hall measurements, thermal transport, and London pen-
etration depth before and after electron irradiation are
presented in Sec. III. We discuss and interpret these re-
sults in Sec. IV within the various possible superconduct-
ing pairing symmetries of the system. This allows us to
draw quantitative conclusions, e.g., on the required de-
gree of the superconducting gap anisotropy, and impose
quantitative restrictions on the properties of the differ-
ent pairing states based on our experimental results. We
conclude in Sec. V and present details of the theoretical
derivations and first-principle density functional theory
(DFT) calculations in the Appendices.
II. EXPERIMENTAL DETAILS
Single crystals of PdTe2 were grown using a procedure
described in our earlier work8. Samples used for four-
probe in-plane electrical resistivity, ρ, and thermal con-
ductivity, κ, measurements and for 5-probe Hall effect
measurements were cleaved from the inner parts of large
single crystals with typical dimensions of (2-3)×0.5×0.05
mm3. The longer side of the sample was along an arbi-
trary direction in the hexagonal crystal plane. Contacts
to the fresh cleaved surface of the samples were made
by attaching 50 µm silver wires with In solder46. The
same samples were used before and after irradiation thus
essentially eliminating the relatively large uncertainty as-
sociated with determining the geometric factor. The
resistivity of the pristine samples at room temperature
was set at 24 µΩcm as determined by statistically signif-
icant average on a large array of crystals in our previous
study8. Temperature dependent electrical resistivity and
thermal conductivity measurements were made in two se-
tups, PPMS (1.8 to 300 K) and cryogen free Janis 3He
system (0.5 to 3 K). Modular thermal conductivity de-
vice was used47, enabling measurements in both systems
without dismounting sample. For the Hall effect mea-
surements the sample contacts were soldered to the side
surfaces of 67 µm thick sample. Measurements were per-
formed in PPMS device using magnetic field sweeps in
the range −9T to 9T at selected constant temperatures.
The Hall resistance was determined as the difference be-
tween measurements in inverted magnetic fields.
We performed precision measurements of the in-plane
London penetration depth ∆λ(T ) using the tunnel-diode
resonator (TDR) technique20. Measurements were con-
ducted in a high stability 3He-cryostat with base tem-
perature of ∼0.4 K. One sample was measured multiple
times before and after electron irradiation. The sample
was placed with its c-axis parallel to an excitation field,
Hac ∼ 20 mOe, which is much smaller than Hc17. The
shift of the resonance frequency, ∆f(T ) = −G4piχ(T ),
is proportional to the differential magnetic susceptibility
χ(T ). The constant G = f0Vs/2Vc(1 − N) depends on
the demagnetization factor N , sample volume Vs and coil
volume Vc. The constant G was determined experimen-
tally from the full frequency change that occurs when the
sample is physically pulled out of the coil. To obtain the
(change of the) London penetration depth ∆λ(T ) as a
function of temperature, we use the following expression
4piχ = (λ/R) tanh(R/λ) − 121,48. Here, R is an effec-
tive sample size that can can be calculated ad depends
on the sample geometry, and χ(T ) is the experimentally
measured magnetic susceptibility.
Electron irradiation was performed at SIRIUS Pel-
letron linear accelerator in Laboratoire des Solides Ir-
radie´s at E´cole Polytechnique in Palaiseau, France. Rela-
tivistic electrons with energy of 2.5 MeV were used to cre-
ate point like defects (Frenkel pairs) by knocking the ions
away from the regular position in the lattice49,50. Details
regarding electron irradiation and its influence on Fe-
based superconductors can be found elsewhere50. The de-
fect concentration produced by irradiation with electrons
with energies in the MeV range is homogeneous through-
out the sample thickness as long as it is smaller than the
relatively large electron penetration depth (∼100 µm)51.
The homogeneous damage of our samples can be seen
directly from the fact that the superconducting transi-
tions remain sharp after irradiation. The acquired irra-
diation dose presented in this paper is in the units of
Coulomb per square centimeter, where 1 C/cm2 = 6.24
× 1018 electrons/cm2. The total charge of electrons pen-
etrated through the sample was measured by a Faraday
cage placed behind the sample stage.
Contacts to the samples for transport measurements
deteriorate after irradiation, resulting in a higher noise
level. For this reason all transport measurements with
different irradiation doses (0.91, 1.75 and 2.41 C/cm2
for resistivity, 0.91 C/cm2 for thermal conductivity and
1.33 C/cm2 for Hall effect) were made on individual sam-
ples, comparing pristine (before irradiation) and irradi-
ated states. The Tc for the sample with irradiation dose
of 1.75 C/cm2 was not determined. Multiple irradiation
cycles allowing for accumulation of notably higher doses
were used for samples used in penetration depth mea-
surements, invoking no contact making.
III. EXPERIMENTAL RESULTS
III.1. Electrical resistivity
We have measured longitudinal and Hall resistivity as
a function of temperature and magnetic field, both be-
fore and after irradiation. The main panel of Fig. 1
shows the temperature dependent in-plane resistivity ρ
of PdTe2 before (black and grey) irradiation and after ir-
radiations with the doses of 0.91 C/cm2 (red curve) and
2.41 C/cm2 (magenta curves). The observed tempera-
ture dependence is typical of a good metal with a range
of nearly temperature independent resistivity below 10 K
and a linear increase of ρ with T above 40 K. The re-
sponse of the sample resistivity to disorder introduced by
electron irradiation is also typical of a simple metal. As
expected from Matthiessen rule, the curves for 0.9 C/cm2
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FIG. 1. (Color online) (a) Temperature-dependent in-plane
electrical resistivity of PdTe2 before (black and grey curves)
and after low-temperature electron irradiations of 0.91 (red
curve) and 2.41 C/cm2 (magenta curves). All curves show
a range of residual resistivity below approximately 10 K (in
which resistivity is approximately temperature-independent)
and linear increase above 40 K. The shift due to irradia-
tion is almost parallel, as can be seen in the temperature-
independent difference between resistivities of the pristine and
0.91 C/cm2 irradiated samples (multiplied by a factor of 10,
the blue curve). The data for 2.41 C/cm2 sample after ir-
radiation do not show parallel ρ(T ) curve shift, as found in
0.91 C/cm2 sample, indicating change of the geometric factor
due to formation of cracks. Correction using normalized ρ(T )
curve slope near room temperature makes the 2.41 C/cm2
look as a smooth parallel up-shift of 0.91 C/cm2, light ma-
genta curve. (b) The zoom of the superconducting transition
range with Tc suppression by 0.060 K and ∼0.11 K using re-
sistivity offset criterion and residual resistivity increase from
0.6 to 2.3 µΩcm, from pristine to 2.41 C/cm2. (c) The resis-
tivity increase as a function of irradiation dosage. For sample
with 2.41 C/cm2 dose we use resistivity above Tc without (top
point) and with (bottom point) geometrical factor correction.
The straight red line shows linear fit through all data point
with slope of 0.77±0.07 µΩ per C/cm2, the green dashed lines
show the slopes for the error bar ranges.
irradiation shift up parallel to themselves due to an in-
crease of residual resistivity from ρ(pristine)(0) = 0.6µΩcm
to ρ(0)(2.41 C/cm
2)=2.3 µΩcm, see panel (b). The resis-
tivity difference of the irradiated and pristine samples,
ρ(0.91 C/cm2) − ρ(0 C/cm2), as shown with blue line
in the main panel (a) of Fig. 1 magnified by a factor of
10, is almost temperature independent. For sample with
2.41 C/cm2 irradiation (dark magenta line) the shift is
not parallel, and the slope of the line above 40 K in-
creases. This observation suggests that the geometric
factor of the sample changed during irradiation due to
crack formation50. Partially this effect can be removed
by normalizing the slope of the curve at high temperature
to that before irradiation (light magenta curve). This
brings approximately 10% uncertainty to the residual re-
sistivity of the 2.41 C/cm2 irradiated sample. In panel (c)
we show increase of residual resistivity with irradiation
dose. For 2.41 C/cm2 sample we show two values as de-
termined from direct measurements (top point) and from
the slope-normalized curve (bottom point). The depen-
dence of ρ(0) on dose is close to linear, as expected and
observed in samples continuously measured in-situ at low
temperatures64. Due to variation of the geometric factor,
the slope of the curve is determined by linear fit through
data points with onset fixed at (0,0) (red curve) as 0.77
µΩcm per C/cm2. Green dashes show error bars of slope
determination. We use linear dependence of residual re-
sistivity on dose with the slope of 0.77 µΩcm/(C/cm2)
for determination of resistivity in samples used in pene-
tration depth studies, see Fig. 1(c) below. Importantly,
the superconducting transition is equally sharp before
and after irradiation treatments, with a full width of just
0.05 K from the onset to zero resistivity. The transition
temperature Tc is suppressed by 0.06 K as a result of ir-
radiation with a dose of 0.91 C/cm2 and by 0.11 K for a
dose of 2.41 C/cm2.
In Fig. 2, we show the longitudinal resistivity ρxx and
transverse Hall resistance multiplied by the sample thick-
ness d, Rxyd, as a function of magnetic field at low tem-
peratures T = 5 K, both before and after electron ir-
radiation with a dose of 1.33 C/cm2. To extract the
carrier densities and mobilities, we perform a fit to stan-
dard expressions of ρxx and ρxy for a two-band model
of electron and hole charge carriers (for details see Ap-
pendix C)52. For the pristine sample, the optimal fit pa-
rameters are n
(pristine)
e = 4.2(1) × 1027m−3, n(pristine)h =
2.2(1)× 1027m−3 for the electron and hole densities, and
µ
(pristine)
e = 0.10(1)m2/Vs and µ
(pristine)
h = 0.28(1)m
2/Vs
for the electron and hole mobilities. After irradiation
with a dose of 1.33 C/cm2, the densities ne and nh are
unchanged, and the mobilities are reduced by approxi-
mately a factor of two: µ
(1.33 C/cm2)
e = 0.05(1)m2/Vs and
µ
(1.33 C/cm2)
h = 0.14(1)m
2/Vs. This is consistent with our
observation that the Hall constant RH at low tempera-
tures is unchanged during irradiation with this dose. We
note that RH = 0.60(5)mm
3/C is approximately inde-
pendent of temperature in the prisitine sample.
5FIG. 2. (Color online) (a) Low-temperature longitudinal re-
sistivity ρxx as a function of magnetic field B = µ0H at
T = 5 K. Blue (red) line shows result for the pristine (ir-
radiated with dose 1.33 C/cm2) and grey line is two-band
model fit. (b-c) Low-temperature Hall resistance Rxy multi-
plied by sample thickness d = 67µm as a function of magnetic
field B of pristine sample (blue, panel b), irradiated sample
(red, panel c) together with two-band model fit (grey).
Using the bare electron mass, we can extract a rough
estimate of the scattering rates h/τe = he0/(meµe) =
70(2) meV and h/τh = 26(2) meV of the pristine sample.
The rates are a factor of two larger after irradiation. Us-
ing the approximation of a three-dimensional quadratic
dispersion, we find mean-free paths of `e = 172(5) nm
and `h = 363(5) nm for electron and hole charge carriers
after irradiation (with dose 1.33 C/cm2). Note that this
is of the same order as the superconducting coherence
length ξ = 439 nm, reported in the material7,8. Im-
portantly, this corresponds to a small disorder parame-
ter kF `e = 860(5) and kF `h = 145(5) for electrons and
holes, respectively, justifying the perturbative treatment
of disorder we use below.
III.2. Thermal transport
We have measured the thermal conductivity κ in
PdTe2 before and after irradiation with a dose of
0.91 C/cm2. Measurements of κ were made in a tem-
perature range from T = 0.5 K to T = 3 K using MTC
unit in cryogen free He3 setup (see Sec. II). In the normal
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FIG. 3. Inset shows comparison of thermal conductivity, κ/T ,
(symbols) and electrical resistivity data converted to equiva-
lent thermal conductivity by using the WF law, L0/ρ (lines).
The two data sets coincide within accuracy of our measure-
ments above Tc in both pristine (blue) and irradiated (red)
samples, signifying the validity of WF law. Main panel shows
ratio of thermal conductivity in the superconducting and nor-
mal states, κS(T )/κN (Tc), plotted versus reduced tempera-
ture T/Tc. Open blue squares and red circles are the data for
pristine and electron-irradiated PdTe2 with dose 0.91 C/cm
2.
The blue and red dashed lines are linear fit to the low temper-
ature part of the data, showing extrapolation towards a neg-
ative value, suggesting a fully gapped superconducting state.
For comparison we show data for the conventional full-gap
superconductor Al57 extrapolating to a negative value, and
the nodal superconductor CeIrIn5
58 for samples with different
quality as characterized by the residual normal state resistiv-
ity of ∼0.2 µΩcm (green line) and ∼0.5 µΩcm (dark yellow
line), with linear extrapolation to a finite ratio as T → 0.
state, above Tc we observe that κ is related to the elec-
trical conductivity σ = 1/ρ via the Wiedemann-Franz
(WF) law κ/σ = L0T within experimental scatter of the
data to the accuracy of better than 10%, see the inset
in Fig. 3. Here, L0 =
pi2
3 (
kB
e )
2 =2.45×10−8WΩK−2 is
the Sommerfeld value of the Lorenz number 53–55. This
shows that the phonon contribution to the thermal con-
ductivity is negligible in the normal state. The WF law
is obeyed in both the pristine and the irradiated sample.
In the superconducting state, the WF law is grossly vi-
olated, because the superfluid part of the conduction elec-
tron density does not contribute to thermal conductivity.
The electronic part of thermal conductivity is determined
by the residual electronic excitations, which in the case
of a fully gapped superconductor are exponentially sup-
pressed as T → 054. Therefore, a straightforward way to
distinguish between nodal and full-gap superconductors
is to extrapolate κ(T ) to its value as T → 0. For a nodal
superconductor, this extrapolation yields a finite positive
value56, while κ/κN extrapolates to a (physically mean-
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FIG. 4. (color online) Temperature variation of London pene-
tration depth ∆λ(T ) measured in 3He TDR setup before and
after irradiations. Main panel displays data over the whole
temperature range that clearly shows the suppression of Tc
and increase of normal state skin depth (T > Tc). Inset shows
low temperature penetration depth below 0.6 Tc plotted as
a function of T 4, which reveals the exponential behavior of
BCS-type full gap structure even after three irradiations.
ingless) negative value in full-gap case. The contribution
of phonons in more disordered samples is more signifi-
cant, which makes this extrapolation to negative value
less convincing in the sample subjected to 0.91 C/cm2
electron irradiation.
In Fig. 3, we plot the thermal conductivity normalized
by its value at Tc, κS(T )/κN (Tc), which shows that κ
extrapolates to a negative value, corresponding to a full
gap, for both pristine and irradiated samples of PdTe2.
For comparison, we plot the thermal conductivities of
Al57, a clean fully gapped superconductor, which shows
negative κS(T )/κN (Tc) extrapolation as T → 0, and the
nodal superconductor CeIrIn5
58,59 for samples of differ-
ent disorder level. In the nodal case, the curve extrap-
olates to a finite positive value59–61 rapidly increasing
for samples with large residual resistivity59,61, compare
curves for samples with ρ(0) ∼ 0.2 and 0.5 µΩcm.
III.3. London penetration depth
In the main panel of Fig. 4, we present the tempera-
ture dependent London penetration depth ∆λ, measured
over the whole range of superconductivity. In the pristine
sample, the superconducting transition occurs at tem-
perature Tc = 1.76 K, where we have used ρ(Tc) = 0 as
the criterion to define Tc. The transition is sharp and
highly reproducible, as expected in stoichiometric mate-
rials. Upon a series of electron irradiation with doses
of 0.91 C/cm2 (2.5 MeV), plus 2.07 C/cm2 (2.2 MeV)
and plus 4.25 C/cm2 (2.5 MeV), the transition temper-
ature continuously decreases from 1.76 to 1.70 K (for a
dose of 0.91 C/cm2) to 1.66 K (for an additional dose
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FIG. 5. (Color online) (a) The low-temperature region of Lon-
don penetration depth before and after irradiations (identical
sample in Fig. 4). All data are well-fitted with BCS single
gap fuction. The inset show ∆λ ∝ (T/Tc)4 over the range
up to 0.6Tc in both the pristine state and after two irradia-
tions. (b) Superfluid density calculated from ∆λ in panel (a),
ρs(T ) ≡ (λ(0)/λ(T ))2, which is found to be only very weakly
affected by irradiation.
of 2.07 C/cm2) to 1.59 K (for additional dose of 4.25
C/cm2). This corresponds to a decrease by about 9.6%
in total. The increase of the penetration height above
T > Tc upon irradiation is caused by an increase of the
normal state skin depth and is consistent with the ob-
served increase of residual resistivity ρ(0) from a direct
measurement in Fig. 1.
The inset of Fig. 4 shows ∆λ(T ) at low-temperatures
before and after irradiation. We see that ∆λ ∝ (T/Tc)4
over the range up to 0.6Tc in both the pristine state and
after two irradiations. It is quite remarkable that despite
the notable Tc suppression, the functional dependence of
∆λ on the temperature is almost unchanged at low tem-
peratures and remains ∝ T 4. In the temperature range
that we consider, a power-law function with exponent
n ' 4 cannot be distinguished from an exponential func-
tion. An exponential decrease of ∆λ(T ) is expected in a
clean and fully gapped BCS superconductors62. In con-
7trast, in the presence of line nodes in the gap, one rather
expects a close to T -linear decay of ∆λ. In both cases, the
behavior changes to T 2 under the addition of sufficiently
strong disorder17. Note that our study is not performed
within this strong disorder regime and ∆λ remains ∝ T 4
for all irradiation doses.
It is important to restrict the fit of ∆λ to a low-
temperature region below 0.33Tc, where the tempera-
ture dependence of the superconducting gap magnitude
is negligible (in single gap superconductors) and the T -
dependence is determined by thermal excitation of quasi-
particles across the superconducting gap. In the top
panel of Fig. 5, we show a fit of the penetration depth ∆λ
using an exponential temperature dependence, which is
expected from Bardeen-Coooper-Schrieffer (BCS) theory.
We obtain an excellent fit using the single gap isotropic
BCS expression
∆λ(T ) = λ(0)
√
piδ
2t
exp(−δ/t) (1)
with δ = ∆/Tc = 1.76 and t = T/Tc. The fit yields a
zero temperature value of λ(0) = 220±15 nm (pristine),
235±15 nm (0.91 C/cm2), and 214±15 nm (0.91 + 2.07
C/cm2). The data after 0.91 + 2.07 + 4.25 C/cm2 show
higher noise level preventing us from a good fitting to get
λ(0). In the inset of Fig. 5 (a), we also plot ln(∆λ/λ(0))
versus 1/t, clearly showing that all data are consistent
with BCS single gap fit. We conclude that the zero tem-
perature penetration depth λ(0) is approximately con-
stant within error bars. This is in reasonable agreement
with expectations based on λeff(`) = λ(0)(1 + ξ/`)
1/263,
and using that the carrier densities are unchanged by ir-
radiation (and λ(0) thus remains unchanged) and `e, `h '
ξ. Our estimated mean-free path ¯`(pristine) ' 530 nm
(average of `e and `h) is of the same order as the su-
perconducting coherence length ξ = 439 nm7,8. We thus
expect that λ(0)(pristine)/λ(0)(0.91C/cm
2) ' 0.85, while we
find approximately 220/235 ' 0.94. In the following, we
work with an average value of λ(0) = 220 nm.
Having experimentally determined λ(0) using the BCS
fit allows us to construct the temperature-dependent nor-
malized superfluid density as ρs(T ) = (λ(0)/λ(T ))
2, with
λ(T ) = λ(0) + ∆λ(T ). In the bottom panel of Fig. 5 we
show the resulting superfluid density ρs(T ) before and
after irradiation, which is calculated from our experimen-
tal data and using an average value of λ(0) = 220 nm.
The data are plotted versus reduced temperature T/Tc,
and compared with BCS expectations for a single fully
gapped superconductor (thick grey curve). The excel-
lent agreement clearly shows that superconductivity in
PdTe2 can be well characterized by a single and full su-
perconducting gap energy scale. Importantly, this obser-
vation sets rather stringent conditions on the amount of
anisotropy of the gap magnitudes |∆α|/|∆β | that are con-
sistent with this behavior, despite the rather substantial
Tc suppression upon increasing disorder.
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FIG. 6. (Color online) Tc suppression rate upon electron ir-
radiation in PdTe2 in comparison with several representative
cases. The temperature axis is normalized by Tc0 in the pris-
tine state and the scattering rate γλ is calculated based on
the increase in resistivity upon irradiations (See text). For
comparison, reports on other materials are plotted together:
BaRu122 (x = 0.24)64, CaK114415 , BaK122 (x = 0.34)66,
and BaP122 (x = 0.3)67.
IV. DISCUSSION
In this section, we analyze our experimental results
with the goal of determining properties of the supercon-
ducting pairing state, for example, its pairing symmetry
and gap anisotropies. Our comprehensive analysis puts
important quantitative constraints on the superconduct-
ing state in each of the possible full-gap pairing scenar-
ios8. While we cannot definitely rule out any of the can-
didate states, our analysis points towards an unconven-
tional spin-singlet A+−1g pairing state as the most likely
candidate. Further work addressing microscopic details
of disorder scattering caused by electron irradiation is
suggested.
Let us briefly summarize the main experimental re-
sults presented in Sec. III. We have found that electron
irradition of PdTe2 single crystals leads to a tempera-
ture independent upward shift of the resistivity ρ that
is caused by an increase in the residual resistivity ∆ρ0,
which is proportional to the irradiation dose. Analyz-
ing Hall resistivity demonstrates that irradiation leaves
carrier densities unchanged and merely reduces mobility.
This is consistent with an increase in the non-magnetic
scattering rate τ−1 caused by the (expected) creation
of point-like Frenkel-pair defects. The superconduct-
ing transition temperature Tc decreases with increasing
residual resistivity ρ0. Specifically, it changes from Tc,0 =
1.76 K in the pristine sample, where ρ0 = 0.6µΩcm, to
Tc(2.41C/cm
2) = 1.65 K, where ρ0 = 2.3µΩcm. London
penetration depth λ and thermal conductivity κ mea-
8surements show that the superconducting state remains
fully gapped. Importantly, the temperature dependence
of λ(T ) can be well described by a single gap energy scale.
IV.1. Suppression of Tc with irradiation dose
A measurement of the rate of Tc suppression with in-
creasing levels of non-magnetic disorder can be used to
distinguish different superconducting pairing states (see
e.g.40,50,64,65). To quantitatively analyze the suppression
of Tc with irradiation dose, we plot in Fig. 6 the tran-
sition temperature ratio Tc/Tc,0 as a function of the ex-
perimentally determined dimensionless scattering param-
eter64 (see also Appendix D)
γλ =
~
2pikBµ0
∆ρ0
λ20Tc,0
= 0.98
∆ρ0[µΩ cm]
λ20[10
−7m]Tc,0[K]
. (2)
Here, ∆ρ0 is the residual resistivity change due to elec-
tron irradiation and λ0 is the zero temperature pene-
tration depth. In Fig. 6, there are two different sets of
PdTe2 data: one from transport (Fig. 1) and the other
from TDR (Fig. 4), respectively. For TDR data, we do
not have corresponding resistivity values. So, we used
the slope in Fig. 1 (c), and converted the dose to ∆ρ0.
Then, this ∆ρ0 is used to calculate γ
λ. Both curves of
PdTe2 are consistent with each other.
We extract important information about the super-
conducting state from the observed (initial) slope of the
Tc suppression. The upper limit (i.e. fastest) suppres-
sion is the well-known AG law22: δTc/Tc,0 = −pi22 γλ
(dashed line in Fig. 6). This occurs when all scattering
processes are pair breaking, which is, for example, the
case for TRA scattering off magnetic impurities in an
isotropic, single-band spin-singlet superconductor. The
lower limit corresponds to the Anderson theorem, which
is the case where Tc is completely unaffected by scatter-
ing δTc/Tc,0 = 0
23–25. This occurs, for example, for TRS
scattering off non-magnetic impurities in the isotropic
single-band s-wave case. The phenomenology becomes
richer in the presence of spatial anisotropies of the gap
and multiple orbitals or bands28–34,44,45. We have there-
fore included the experimentally observed Tc suppression
upon electron irradiation in various iron-based supercon-
ductors Ba(Fe1−xRux)2As2 (x = 0.24) 64, CaKFe4As415,
(Ba1−xKx)Fe2As2 (x = 0.34)66, and BaFe2(As1−xPx)2 (x
= 0.3)67.
Below, we discuss in detail under which conditions the
different potential pairing states in PdTe2 could give rise
to the observed finite suppression rate. Comparison with
other experimental observations will then be used to rule
out (or at least disfavor) certain states. For example, the
fact that λ(T ) is well described by a single gap energy
scale limits the degree of possible gap anisotropy in the
system.
To analyze the different pairing scenarios we make
use of a generalized Anderson theorem that was re-
cently derived by one of us45. The theorem is stated
in terms of (anti)commutators of the superconducting
order parameter, the disorder potential and the Hamil-
tonian in the normal state. We show below that the
rate of Tc suppression is determined by the value of
these (anti)commutators, averaged over the Fermi sur-
face. As a result, the suppression rate is small if the
(anti)commutators are only weakly violated on average.
In the following, we describe the possible supercon-
ducting pairing states and their topology, before deriv-
ing the conditions under which their respective supercon-
ducting Tc would be suppressed with the experimentally
observed rate.
IV.2. Candidate pairing states
As analyzed in detail in our previous work8, the point
groupD3d and Fermi surface topology of PdTe2 allows for
only three distinct pairing symmetries with a full super-
conducting gap that are, hence, consistent with our pen-
etration depth and thermal transport data: the topolog-
ically trivial s-wave, spin-singlet superconductor trans-
forming under the irreducible representation (IR) A1g
and the two p-wave triplet states, A1u and Eu(1, 0). The
latter two triplet states can be topologically nontrivial
depending on microscopic details (see below). As the
Eu(1, 0) state breaks rotational symmetry, its gap is in
general anisotropic. As such, the exponential behavior
of λ(T ) observed at all temperatures requires fine-tuning
for the Eu(1, 0) state. Therefore, we will mostly focus on
the A1g and A1u states in the following discussion.
In any system, such as PdTe2, with both time-reversal,
Θ, and inversion, P , symmetries, all bands have to be
doubly-degenerate and one can introduce a pseudospin
basis at each k-point with the same transformation prop-
erties as the electron’s spin. As will become important
below, the associated basis states are in general com-
plicated, k-dependent admixtures of spin and orbital de-
grees of freedom in a spin-orbit-coupled multi-orbital sys-
tem such as PdTe2. Denoting the Pauli matrices in pseu-
dospin space by σj , j = 1, 2, 3, the corresponding order
parameters can be written as
∆k = ∆0(k)iσ2 (3)
for the A1g state, and
∆k =
3∑
j=1
(dk)jσjiσ2 (4)
with dk = d0(Xk, Yk, Zk) for the A1u state
8. Here ∆0(k)
transforms as a scalar under all symmetry operations g of
the point group D3d, ∆0(gk) = ∆0(k), and Xk, Yk, and
Zk transform as kx, ky, and kz under D3d. Motivated by
the experimental observation of a fully established gap,
we assume (unless stated otherwise) absence of accidental
nodes, ∆0(k), |dk| 6= 0 for k in the vicinity of a Fermi
surface of the system.
9−4
−2
0
2
4
Γ M K Γ A L H A
E 
(e
V
)
FIG. 7. Left: Band structure of PdTe2. The horizontal
dashed line indicates the Fermi level. Right: Fermi surface
contour in PdTe2 for kz = 0 (Γ-M -K) plane.
According to band structure calculations and experi-
ment4,5, the system has several Fermi surfaces. This is
confirmed by our DFT calculations using a full-potential
linear augmented plane wave (FP-LAPW) method, as
implemented in wien2k68 (for details on DFT see Ap-
pendix E). As shown in Fig. 7, there are two hole pock-
ets enclosing the Γ point, both of which arise from bands
associated with the type-II Dirac cone below the Fermi
level, and additional Fermi surfaces around the K and K′
points. In order to specify the pairing states, let us first
neglect the pockets around K and K′, which will later
be taken into account when discussing the impact of dis-
order whenever relevant. With two Fermi surfaces, we
have to distinguish between superconducting states that
have the same sign (denoted by the superscript “++” in
the following) and have opposite sign (superscript “+−”)
on the two Fermi surfaces. We, thus, have four different
states, A++1g , A
+−
1g , A
++
1u , and A
+−
1u . The two singlet states
A++1g and A
+−
1g have exactly the same transformation
properties under all symmetries of the system, however,
require different interactions driving the superconduct-
ing instability: the A++1g state is expected to arise if the
electron-phonon coupling (conventional pairing mecha-
nism) or fluctuations of a time-reversal-symmetric collec-
tive electronic mode (such as charge-density fluctuations)
provide the pairing glue69. Stabilizing the A+−1g phase re-
quires an effectively repulsive interaction between states
on the two Fermi surfaces. As we will discuss below, also
the behavior in the presence of disorder is different for
these two singlet states. The two triplet states, A++1u and
A+−1u also share the same symmetry properties and are
expected to require repulsive intra-Fermi surface interac-
tions. Which of the two is realized depends on the sign
of the interactions between the two bands.
IV.3. Chiral basis and topology
Let us now determine the topological properties of the
four pairing states, A++1g , A
+−
1g , A
++
1u , and A
+−
1u , and an-
alyze which types of scattering processes are detrimental
to superconductivity. For this, we will employ the fol-
lowing “chiral” basis: let k be in the vicinity of one of
the doubly-degenerate Fermi surfaces of the system. We
label the ones around the Γ point as n = 1, 2 in the
following [see Fig. 7]. As a result of PΘ symmetry, the
corresponding Bloch Hamiltonian will just be diagonal in
pseudospin-space, hk = σ0kn with band energy kn. In-
stead of choosing pseudospin up and down as basis states,
we will take the non-degenerate eigenstates |φsk〉, s = ±,
of the infinitesimally perturbed Hamiltonian
h′k = σ0kn + αdk · σ, α→ 0+, (5)
satisfying h′k |φsk〉 = (kn + s 0+) |φsk〉. Since the triplet
vector obeys dk = −d−k ∈ R3 \ {0}, the extra term
in Eq. (5) lifts the degeneracy by infinitesimally break-
ing inversion while preserving time-reversal symmetry;
it therefore holds, Θ |φsk〉 ∝ |φs−k〉 and P |φsk〉 ∝ |φ−s−k〉,
where we suppressed momentum-dependent phase fac-
tors. Being infinitesimal, the second term in Eq. (5)
has no physical consequences and should be viewed as
a book-keeping tool that allows to define a convenient
basis, {|φ+k 〉 , |φ−k 〉}. We will refer to this “chiral” basis
as pseudospin-triplet basis.
It is easy to see that the superconducting order param-
eters represented in this basis have the form (s, s′ = ±)
∆˜ss′(k) = 〈φs′k |∆k (iσ2)† |φsk〉 = δs,s′∆s(k) (6)
with ∆s(k) = ∆0(k) for the singlet state transforming
under A1g and ∆s(k) = s|dk| for the triplet A1u. Taking
a finite value of α to make the different basis states s = +
(orange) and s = − (blue) discernible, we show in Fig. 8
a two-dimensional schematic cut of the Fermi surfaces
around the Γ point; furthermore, the sign of ∆s(k) is
indicated (solid/dashed lines) for the different candidate
pairing states. Note that ∆s(k) ∈ R (without loss of gen-
erality) due to time-reversal symmetry and that ∆s(k)
has a fixed sign on each Fermi surface since we focus on
fully gapped superconducting states without accidental
nodes.
On top of providing a convenient way of illustrating the
pairing states, the pseudospin-triplet basis also allows to
easily infer their topological features: since all candidate
states preserve Θ, we have to view the superconductors
as members of class DIII. Due to the infinitesimal per-
turbation in Eq. (5), the Fermi surfaces are singly degen-
erate and the expression for the corresponding Z-valued
topological invariant ν derived in Ref. 70 can be applied.
Using the result69 that the Chern numbers of the two
(infinitesimally split) Fermi surfaces of the Hamiltonian
in Eq. (5) must be opposite, one can write
ν =
∑
n
C+n
sign(∆+(kn))− sign(∆−(kn))
2
. (7)
In Eq. (7), the summation over n involves all pairs of
infinitesimally split Fermi surfaces (in Fig. 8, there are
two such pairs, n = 1, 2, of Fermi surfaces enclosing the
Γ point, i.e., pairs of orange and blue circles), C+n is the
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FIG. 8. (Color online) Illustration of the superconducting order parameter on the different Fermi surfaces around the Γ point
with solid (dashed) lines referring to positive (negative) sign of ∆s(k) (see Eq. (6)) and using the pseudospin-triplet basis
defined in the main text, see Eq. (5). The arrows indicate the corresponding pseudospin polarizations taking the simplest
form of the triplet vector, dk ∝ (kx, ky, kz)T , as an example. For clarity of the figure, we only show a two-dimensional cut in
three-dimensional momentum space. While the system also has further Fermi surfaces around the K and K′ points, we here
focus on those around the Γ point as the extension to additional Fermi surfaces is straightforward and will be discussed later.
We distinguish between candidate pairing states transforming under A1g with (a) equal (A
++
1g ) and (b) opposite (A
+−
1g ) sign of
the singlet order parameter on the Fermi surfaces and (c) transforming under A1u. While the singlet states are topologically
trivial, the triplet state can be non-trivial, depending on the relation between the triplet vectors on the two Fermi surfaces. In
the limit where the gap magnitude is isotropic and focusing on non-magnetic impurities, only scattering processes between the
Fermi surfaces that are connected by red wiggly lines are pair breaking. The absence of wiggly lines in (a) indicates that the
state A++1g with constant gap is protected against all types of scattering processes, reproducing the Anderson theorem
23–25.
Fermi surface Chern number of the s = + member of the
pair n, and kn is an arbitrary momentum point on Fermi
surface n.
Recalling that we have ∆+(k) = ∆−(k) for the sin-
glet states, we immediately find ν = 0 from Eq. (7).
Consequently, both A++1g and A
+−
1g are topologically triv-
ial. This is different for the triplet states for which we
have ∆+(k) = −∆−(k) ∈ R+ and, thus, ν =
∑
n C
+
n .
As each Fermi surface encloses an odd number of time-
reversal invariant momenta (only the Γ point), it fol-
lows that C+n has to be odd
70 and, as such, non-zero.
To illustrate this with a specific example, assume that
dk ∼ f(|k|)(kx, ky, kz)T with some real-valued function
f describing the radial dependence of the triplet vector.
If f(|k|) has the same sign on both Fermi surfaces, we
find C+1 = C
+
2 = 1 and the topologically nontrivial value
ν = 2; this is the A++1u state (which we define more gen-
erally by C+1 6= −C+2 ). In the case of the A+−1u state,
f(|k|) changes sign leading to C+1 = −C+2 = 1 and ν = 0
(topologically trivial).
To summarize, the singlets A++1g , A
+−
1g are topologically
trivial. The triplet states can be topologically non-trivial
with non-zero, even value of the invariant ν in Eq. (7)
depending on the form of the dk vector: for instance,
if dk ∼ f(|k|)(kx, ky, kz)T , the state will be topological
(trivial) if f does not change sign, corresponding to A++1u
(changes sign, corresponding to A+−1u ), between the two
Fermi surfaces around the Γ point.
IV.4. Generalized Anderson theorem
To discuss the expected impact of impurity scatter-
ing for the different candidate pairing states, we use the
generalized Anderson theorem of Ref. 45: let Wˆ be the
matrix comprising the impurity-induced scattering am-
plitudes (Wˆ )kα,k′α′ = 〈kα|W |k′α′〉 between the single-
particle states |kα〉 and |k′α′〉 of the clean normal state
Hamiltonian (hk)αα′ for which crystal momentum k is
still a good quantum number. Here, α and α′ label
all remaining relevant degrees of freedom, such as spin
and various orbitals. Similarly, we introduce the matrix
elements Dˆkα,k′α′ = δk,k′ 〈kα|∆kT †|k′α′〉 of the pair-
ing order parameter ∆k, where T is the unitary part of
the time-reversal operator, Θ = TK (K denotes com-
plex conjugation); for instance, we have T = iσ2 in the
(pseudo)spin basis described above. As long as the elec-
tronic states are still delocalized in the vicinity of the
Fermi (kF `  1), the superconducting critical temper-
ature is unaffected by the presence of disorder if both
[
hˆ, Dˆ
]
−
= 0, (8a)
where hˆkα,k′α′ = δk,k′ (hk)αα′ , and[
Wˆ , Dˆ
]
−tW
= 0 (8b)
hold. Here [Aˆ, Bˆ]± = AˆBˆ±BˆAˆ and tW = + (tW = −) for
non-magnetic (magnetic) disorder, i.e., ΘWΘ† = twW .
While this general form of Anderson’s theorem has been
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derived in Ref. 45, we present a compact justification in
Appendix A for convenience and to provide a more formal
definition of the notation used. We emphasize that this
result holds for arbitrary momentum dependence of the
order parameter. One advantage of the condition (8) for
the validity of the generalized Anderson theorem is that
it only depends on the (anti)commutation relations of
the order parameter, the normal state Hamiltonian, and
the disorder potential and, hence, can be readily tested
in any single-particle basis.
The pseudospin triplet basis introduced above is most
convenient for us. In this low-energy description, only the
matrix elements of the superconducting order parame-
ter within each band (associated with the Fermi surfaces
n = 1, 2 or n = 1, 2, 3, 4 depending on whether we ne-
glect or take into account the Fermi surfaces around the
K, K′ points) are kept and, hence, Eq. (8a) is automat-
ically satisfied. Using the form in Eq. (6) of the matrix
elements of the superconducting order parameter in the
pseudospin-triplet basis, the remaining second condition
(8b) simply becomes
Cks,k′s′ = 0, ∀k,k′, s, s′, (9a)
where we introduced (no summation over repeated in-
dices)
Cks,k′s′ :=
(
∆s(k)− tW∆s′(k′)
) 〈φsk|W |φs′k′〉 . (9b)
This means that the superconducting state is protected
against non-magnetic (magnetic) disorder if scattering
matrix elements are non-zero only between single-particle
states |φsk〉 and |φs
′
k′〉 for which the superconducting order
parameter ∆s(k) has the same value (same magnitude
but opposite sign). Therefore, we can readily read off
which scattering events are pair breaking for the different
superconducting states in Fig. 8.
The impurities induced by electron irradiation are non-
magnetic, and we thus focus on tW = + in the following.
Let us first discuss the case of a single, isotropic gap en-
ergy scale, i.e., that ∆s(k) only depends on s and the
Fermi surface where k is located at and that the mag-
nitude |∆s(k)| is constant; we will examine the general
case below. The order parameter is then identical on all
Fermi surfaces for the A++1g state. As we read off from
Eq. (9), its critical temperature will be unaffected by
any time-reversal-symmetric (TRS) impurity as long as
the mean-free path is much larger than the Fermi wave-
length kF `  1 (no localization). This reproduces the
well-known conventional Anderson theorem for a multi-
band system23–25. This is different for the A+−1g state,
which is prone to scattering between the small and large
pockets as a consequence of the sign change of ∆s(k) be-
tween the two Fermi surfaces (see Fig. 8(b)). Similarly,
both triplet states A++1u and A
+−
1u are suppressed by scat-
tering events between four out of the ten pairs of Fermi
surfaces (see Fig. 8(c)).
IV.5. Rate of Tc suppression
Let us now show that the commutator Cks,k′s′ intro-
duced in Eq. (9b) determines the rate of suppression of
Tc with increasing scattering rate. As shown in detail in
Appendix B, the change δTc := Tc − Tc,0 of the critical
temperature Tc relative to its clean value, Tc,0, can be
expressed entirely in terms of Cks,k′s′ as
δTc/Tc,0 ∼ − pi
4Tc,0
τ−1 ζ , (10a)
in the asymptotic limit of low disorder configurations
(small scattering rate τ−1 → 0). All non-universal fea-
tures that depend, for instance, on details of the super-
conducting order parameter and impurity potential enter
the dimensionless “sensitivity parameter”
ζ =
∑FS
k,k′
∑
s,s′ |Cks,k′s′ |2
2 tr[W †W ]
∑FS
k
∑
s |∆s(k)|2
. (10b)
The parameter ζ involves the Fermi surface average of
the commutator in Eq. (9b). Here, we have written∑FS
k · · · ≡ 1NΛ
∑
n
∑
k,|kn|<Λ . . . , with momentum cut-
off Λ and total number of momentum points involved
NΛ =
∑FS
k . The trace in the denominator is over all
internal degrees of freedom (spin, orbitals) of the im-
purity potential to ensure proper normalization of ζ.
Within our conventions, it holds ζ = 1 in the AG case,
i.e., for magnetic impurities in a single-band, isotropic
spin-singlet superconductor. We note that a special case
(momentum-independent superconducting order param-
eter) of the observation that non-universal features can
be absorbed into an effective scattering involving a com-
mutator has been recently derived71; however, there are
a few subtleties with the application of this commutator
to be discussed below.
As follows from comparing the slopes in Fig. 6 of the
AG law (black dashed line) and that of the curve mea-
sured for PdTe2 (red solid line), we experimentally de-
termine ζ ' 1/16 for PdTe2. This means that the sup-
pression of Tc with disorder is weaker by approximately
a factor of 16 compared to magnetic impurities in a su-
perconductor with a momentum independent order pa-
rameter on the Fermi surface. While ζ ' 1/16 is small
and one may naively conclude that the order must be
A++1g , it is important to perform a quantitative analy-
sis, taking the Fermi surface geometry properly into ac-
count. In the following, we therefore analyze in detail
under which conditions the different fully gapped pairing
options are consistent with the measured Tc suppression
rate in PdTe2.
IV.6. Singlet pairing
Let us begin with singlet pairing and first note that
we estimate kF ` to be of order 10
3 based on our resistiv-
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ity measurements (see Appendix III.1). Due to the size-
able value of kF `, we expect localization effects to play
only a minor role in the suppression of Tc in the three-
dimensional system PdTe2. In other words, a suppression
of Tc with disorder can only be realized if the conditions
of the generalized Anderson theorem in Eq. (9) are vio-
lated. The finite change of Tc with disorder we observe
is only consistent with either the A+−1g state or the A
++
1g
superconductor with momentum dependent gap function
|∆s(k)|. In fact, we generically expect a momentum de-
pendent gap, however, the observed temperature depen-
dence of the London penetration depth is only consistent
with moderately weak anisotropies of the gap function.
In order to evaluate the parameter ζ using Eq. (10b) for
a specific pairing state such as singlet pairing, ∆s(k) =
∆0(k) with arbitrary momentum dependence, we need
to make an assumption about the scattering matrix Wˆ .
Here, we consider the simplest case of W = σ0, which
corresponds to point-like scalar disorder without any
momentum dependence in the pseudospin basis. Note
that this assumption on the impurity potential does not
take into account the multi-orbital nature of the system
that might further suppress the impact of impurities on
Tc
41–43, as we will discuss in Sec. IV.7. Therefore, the
following estimates on the momentum dependence and
the degree of anisotropy of the order parameter ∆0(k),
which are based on the requirement to yield ζ ' 1/16,
should be viewed as lower bounds. From Eq. (10b), we
find
ζ =
〈|∆0|2〉FS − | 〈∆0〉FS |2
2 〈|∆0|2〉FS
, (11)
where 〈· · ·〉FS ≡
∑FS
k . . . denotes averaging over the
Fermi surface. In accordance with previous results 32,34,
the suppression of Tc can be expressed in terms of the
variance of the gap on the Fermi surface.
Two possible types of anisotropy give rise to non-zero ζ
in Eq. (11): (i) a variation of the order parameter magni-
tude on the Fermi surfaces, and (ii) the order parameter
is constant on each Fermi surface but has a different size
on distinct Fermi surfaces. While both anisotropy types
may be present simultaneously in the experimental sys-
tem, we discuss them separately for clarity.
IV.6.1. Anisotropic gap around Fermi surface
In case (i), it is sufficient to focus on one Fermi surface
around the Γ point that we assume to be spherical; its
momenta satisfy |k| = kF . Let us for simplicity only
take the leading order, i.e., lowest harmonic, momentum
dependence of the order parameter into account:
∆0(k) = ∆0 (1 + δ sin(θk)) , (12)
where we have used spherical coordinates, k =
kF (sin θk cosφk, sin θk sinφk, cos θk)
T with the three-
fold rotation symmetry of the point group D3d along
FIG. 9. Sensitivity ζ in Eq. (10) of singlet states with mo-
mentum dependent order parameters to non-magnetic disor-
der. In (a), we show ζ (left panel) for a singlet state with
order parameter ∆s(k) = ∆0(k) varying on a single, spherical
Fermi surface as parametrized in Eq. (12) and illustrated in
the right panel. The sensitivity ζ of a state with constant gap
on each Fermi surfaces but two different values, ∆n, of ∆0(k)
is shown in (b), left panel, as a function ∆1/∆2 together with
its dependence on the individual, ρn, and total, ρF =
∑
n ρn,
density of states. Two relevant applications to the Fermi sur-
faces of PdTe2, shown schematically in the right panel, are
∆a = ∆b = ∆c = ∆1, ∆d = ∆2, and ∆a = ∆b = ∆1,
∆c = ∆2. The former gives rise to an isotropic A
+−
1g state,
the latter to an A++1g state with ∆1/∆2 = 2.1 as discussed in
the main text.
the kz axis. A single, dimensionless parameter δ ∈
R parametrizes the gap variation, see right panel in
Fig. 9(a). Note that nodes are present if and only if
δ ≤ −1. From Eq. (11), we obtain after straightforward
algebra and converting all sums into integrals that the
sensitivity parameter is given by
ζ =
(32− 3pi2)δ2
16(6 + 3piδ + 4δ2)
. (13)
This result is visualized in the left panel of Fig. 9(a).
We first note that the maximal value of ζ that can
be realized with positive δ is quite small and given by
1/2 − 3pi2/64 ' 0.037. As follows from Eq. (12), large
δ > 0 means near nodes at the “poles” of the Fermi sur-
face (θk = 0). Larger values of ζ occur for negative δ,
which corresponds to having nodal lines (δ < −1) or near
nodal lines (−1 < δ < 0) in the vicinity of the “equator”
of the Fermi surface (θk = pi/2). For our experimen-
tally observed value of ζ ' 1/16 in PdTe2, there are
two possible values δ ' −0.73 or δ ' −5.02 according
to Eq. (13). While the latter corresponds to accidental
nodal lines, the former has a non-zero gap on the entire
Fermi surface but a significant degree of anisotropy with
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mink |∆0(k)|/maxk |∆0(k)| ' 0.27. Both of these values
of δ are not consistent with the measured temperature
dependence of the penetration depth in Fig. 5, which
can be well described by a single gap energy scale and
is known to exhibit a different temperature dependence
in the presence of such significant gap anisotropy17. The
variation of the magnitude of the order parameter on the
Fermi surfaces seems unlikely to be the dominant source
of the observed non-zero value of ζ.
IV.6.2. Different constant gaps on multiple Fermi surfaces
Let us now focus on scenario (ii) where ∆0(k) is con-
stant on each Fermi surface, n = 1, 2, . . . N , but can take
on different magnitudes on the different Fermi surfaces,
i.e., ∆0(kn) = ∆n. Denoting the total density of states
of Fermi surface n by ρn, we immediately obtain from
Eq. (11)
ζ =
1
2
[
1− (
∑
n ρn∆n)
2
(
∑
n ρn∆
2
n)
∑
n ρn
]
(14)
The behavior of ζ for the case of two Fermi sheets, N = 2,
is shown in Fig. 9(b), left panel. Quantitative predic-
tions require knowledge of the density of states ρn at
the different Fermi surfaces. Using DFT calculations, we
find for PdTe2 that ρa = 0.010 eV
−1, ρb = 0.39 eV−1,
ρc = 0.91 eV
−1, and ρd = 0.045 eV−1 (with labeling of
Fermi surfaces shown in Fig. 9(b), right panel).
Let us for simplicity first concentrate on the case of
only two different gap values ∆1 and ∆2. We consider
the most general case with possibly four different gaps in
Appendix F, and show that this does not change our con-
clusions. For two gap sizes ∆1,∆2 there are in total eight
different possibilities of how these can be distributed over
the four Fermi sheets a, b, c, d. The resulting gap ratios
∆1/∆2 that are consistent with Tc suppression slope of
ζ = 1/16 are listed in Appendix F. The most isotropic
state we find is a A+−1g state with a sign change between
the small electron pocket d and the other three pockets
∆a = ∆b = ∆c = ∆2,∆d = ∆1 (15)
Such an isotropic state is a plausible option, since it is
consistent with the observed isotropic temperature de-
pendence of the penetration depth λ.
Interestingly, we find that the A++1g states always
exhibit a larger degree of anisotropy. The smallest
anisotropy we find is about ∆1/∆2 ' 2.1 (2.0 when we al-
low for four different gap sizes). As shown in Appendix F
this occurs for a number of combinations of how the two
gap sizes ∆1,2 are distributed over the four Fermi sheets.
Importantly, such a large degree of anisotropy is expected
to be visible in the temperature dependence of the Lon-
don penetration depth that we find to be well described
by a single gap energy scale (see Sec. III)17. We conclude
that the A++1g solutions are inconsistent with our observa-
tions that λ(T ) at least under the (natural) assumption
that intra- and inter-band scattering is equally strong.
We note that the observed slow (and seemingly saturat-
ing) Tc suppression at larger values of γ
λ (see Fig. 6)
on the other hand indicates extremely robust supercon-
ducting pairing. We suggest to further investigate this
question in future work.
To summarize, the most likely scenario in the A1g
channel is an unconventional A+−1g state with sign change
between the small electron pocket d around the K,K ′
points and the other Fermi sheets {a, b, c}. This state is
completely isotropic with a ratio of gap magnitudes given
by |∆1|/|∆2| ' 1. Any (conventional) A++1g pairing state
has a significant degree of gap anisotropy. The minimal
gap ratio we find is ∆1/∆2 ' 2, making these states in-
consistent with our observations of a London penetration
depth λ(T ) that is well described by a single gap energy
scale.
IV.7. Triplet pairing
In this subsection, we consider Tc suppression with dis-
order for the A1u triplet state. From a direct compari-
son of the curve for PdTe2 and that of the naive AG
law in Fig. 6, one is tempted to conclude that the ob-
served suppression of Tc in PdTe2 is too weak to be con-
sistent with a triplet pairing state. Indeed, as readily
follows from Eq. (10), we obtain ζ = 1/2 for any triplet
state in the pseudospin approximation for the case of
a single scattering rate arising from the most detrimen-
tal assumption of an impurity potential that is diago-
nal and momentum-independent in the pseudospin ba-
sis, 〈φsk|W |φs
′
k′〉 = W0δss′ . This applies to both the A1u
and also the third candidate pairing state Eu(1, 0)
8 and
agrees with previous results, e.g., Refs. 30 and 33. In-
tuitively, ζ = 1/2 results from the fact that only scat-
tering processes between the infinitesimally split Fermi
surfaces of hk in Eq. (5) are pair breaking, while also
those within each of the Fermi surfaces are detrimental
to superconductivity in the AG case (magnetic impurities
and momentum independent singlet superconductor), see
Eq. (9b). To reconcile the observed suppression of Tc in
PdTe2 in Fig. 6 with a triplet pairing state, we therefore,
need approximately an additional factor of 8 of reduction
of ζ.
As already alluded to above, such a reduction could in
principle result from a suppression of the scattering ma-
trix elements 〈φsk|W |φs
′
k′〉 that is related to the fact that
we are working in the pseudospin basis. Consequently,
even for the simplest case of dk ∼ (kx, ky, kz), the arrows
in Fig. 8 refer to pseudospin polarizations rather than
just spin polarizations. Due to the significant spin-orbit
coupling, these will generally be momentum-dependent
admixtures of spin and the Pd 4d and Te 5p orbitals
relevant in the vicinity of the Fermi energy. This is con-
firmed within our detailed DFT calculations, which are
presented in Appendix E. Such spin-orbital mixing is ex-
pected to suppress scattering which can lead to a signifi-
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cant parametric enhancement41–43 of the critical scatter-
ing strength relative to the naive AG law22. Intuitively,
the reason for this suppression is that the angular depen-
dence of the orbital- and spin-polarization of the Bloch
states can lead to strongly suppressed matrix elements of
the impurity potential, as has been discussed in detail in
Ref. 43. We note, however, that the required reduction
in PdTe2 is by a factor of eight, which is rather large.
This makes the triplet state a rather unlikely candidate
pairing state.
Nevertheless, it is worth emphasizing that under cer-
tain conditions a fully gapped spin-triplet SC can en-
joy an Anderson theorem; for instance, this is possible
if the order parameter is momentum independent while
its non-trivial symmetry properties are accounted for by
its orbital structure. This was demonstrated by Michaeli
and Fu in Ref. 41 by an explicit model calculation. This
phenomenon can be readily understood from the gener-
alized Anderson theorem (8), applied in the orbital basis:
assuming that the impurity potential is trivial in orbital
space, we have Wˆkα,k′α′ = δα,α′fk,k′ , which always com-
mutes with a momentum independent pairing potential,
Dˆkα,k′α′ = δk,k′Dαα′ . While Eq. (8b) is automatically
satisfied, we have to keep in mind that also Eq. (8a) has
to hold72. Therefore, the generalized Anderson theorem
only applies if the normal state Hamiltonian has the ad-
ditional symmetry, [hk, D] = 0. This is the reason why
Ref. 41 only finds a constant Tc in the presence of a chiral
symmetry and agrees with the very recent result42.
We note in passing that a special case (the limit with-
out momentum dependence of the order parameter) of
the second condition (8b) has recently been re-derived
in Ref. 71. In that work, however, the first condition
(8a) was not properly taken into account. We believe
that this is the reason why the results of Ref. 71 disagree
with ours and those of Refs. 41 and 42. In particular,
the crucial first condition (8a) can generally be shown
to be incompatible with the presence of nodes that are
induced by the projection of a momentum independent
pairing potential on the Fermi surface. This contradicts
the claim of a generalized Anderson theorem for nodal
superconductors made in Ref. 71.
In contrast, the candidate A1u triplet states in PdTe2
possess a full gap and can thus, in principle, fulfill the
first condition (8a) of the generalized Anderson theorem.
Our observation that the rate of suppression of Tc with
disorder is smaller than what we would expect from the
AG law does therefore not necessarily rule out the triplet
pairing state A++1u , or A
+−
1u , yet requires some fine-tuning
of the microscopic orbital structure of the order param-
eter and the normal state Hamiltonian. Depending on
these microscopic details, spin-orbit coupling can be re-
sponsible for the additional suppression of the sensitivity
parameter ζ by a factor of 8. Interestingly, our DFT re-
sults presented in Appendix E demonstrate that all four
bands exhibit a substantial amount of mixing between
states of opposite parity at the Fermi surface. This is a
necessary (though not sufficient) condition for the protec-
tion mechanism outlined by Michaeli and Fu41. Further
work, which takes microscopic details of the orbital con-
tent of the bands, possible pairing interactions and the
disorder potential into account, is necessary to investi-
gate this intriguing possibility. Here we conclude that to
explain the observed slow Tc suppression requires mak-
ing more assumptions about microscopic details in case of
the A1u triplet states than for the A1g singlet states. The
triplet states are therefore less likely realized in PdTe2.
V. CONCLUSIONS
We report on the impact of electron irradiation on the
properties of the normal and superconducting state in
PdTe2. Our detailed study reveals that electron irra-
diation controllably tunes the non-magnetic scattering
rate τ−1 without affecting carrier densities. The super-
conducting state remains fully gapped under irradiation,
but its transition temperature Tc is suppressed at a rate
of about ζ ' 1/16 compared to ζ = 1 found for the
Abrikosov-Gorkov law. We find the temperature depen-
dence of the London penetration depth to be well de-
scribed by a single gap energy scale, which is only con-
sistent with a rather weak degree of anisotropy of the ab-
solute value of the superconducting gap across the Fermi
surfaces.
We use this information to infer properties of the
superconducting pairing states, and in particular show
under which conditions the different possible candidate
states yield a Tc suppression rate consistent with exper-
iment. One of our main conclusions is that the powerful
probe of controlling the amount of disorder using electron
irradiation must be combined with a thorough theoretical
analysis in order to draw correct conclusions about the
nature of the superconducting pairing state. Our analysis
is based on the generalized Anderson theorem of Ref. 45
for multi-band superconductors, which can be expressed
in algebraic form in terms of (anti)commutators of the
gap, the disorder potential, and the normal state Hamil-
tonian. We use this powerful formulation to demonstrate
that the suppression rate is governed by the Fermi sur-
face average of the exact same commutator. Our general
formulation agrees with previous results derived in var-
ious limits. A weak violation of the generalized Ander-
son theorem conditions therefore leads to a slow suppres-
sion rate. This situation can both apply to anisotropic
spin-singlet superconductors as well as to (fully gapped)
triplet paired states in the presence of strong spin-orbit
coupling. Importantly, our concise formulation makes it
easily applicable to other situations.
It is important to note that quantitative predictions
of our theory depend on microscopic details such as the
disorder potential matrix elements between different mo-
mentum and orbitals. Here, we focus on the (most ag-
nostic) assumption of a momentum-independent disor-
der potential that acts diagonal in the pseudo-spin basis.
For the A+−1g case, this corresponds to a ratio of inter-
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to intra-band scattering rates equal to one. The results
also depend on the density of states at the different Fermi
pockets, which we obtain using density-functional theory.
Under these assumptions, we conclude that the most
likely pairing state is the unconventional A+−1g state with
a different sign of the gap on the inner hole pocket and
the three other Fermi pockets. We find that such the
A+−1g state can be completely isotropic |∆1|/|∆2 ' 1.0
and exhibit a Tc suppression with slope ζ = 1/16 as we
experimentally observe. In contrast, a conventional A++1g
state must have a gap anisotropy of at least ∆1/∆2 ' 2.
This is not consistent with our results that λ(T ) can we
well described by a single gap energy scale. We thus con-
clude that an anisotropic A++1g state is only consistent
with the experimental data if the ratio of intra- to inter-
band scattering is much smaller than one. Further work
should try to reveal details of the scattering defect po-
tential introduced by electron irradiation, in particular
its orbital structure.
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Appendix A: Generalized Anderson theorem
To be self-contained and to further clarify all quantities
entering the generalized Anderson theorem used in the
main text, we will provide a compact derivation of Eq. (8)
in this appendix. The following approach is adapted from
Ref. 45, where also a diagrammatic proof can be found.
We note that a special case of the following simplified
argument has also been published in Ref. 44.
As opposed to the main text, we use second quanti-
zation with c†kα denoting the creation operator for an
electron with momentum k and spin, orbital, etc. quan-
tum numbers labelled by the multi-index α. We consider
a general superconductor in d spatial dimensions with
mean-field Hamiltonian
H0 =
∑
k
c†kα (hk)αα′ ckα′
+
1
2
∑
k
(
c†kα(∆k)αα′c
†
−kα′ + H.c.
)
.
(A1)
As in the main text, hk and ∆k are the normal state
Hamiltonian and superconducting order parameter ma-
trix, respectively.
To probe the stability of the superconductor against
impurity scattering, let us first consider a given disorder
configuration,
∆H =
∑
k,k′
c†kαWˆkα,k′α′ck′α′ , (A2)
with Wˆ † = Wˆ due to Hermiticity. As is well-known,
superconductivity behaves very differently in the pres-
ence of non-magnetic (time-reversal even, tW = +) and
magnetic (time-reversal odd, tW = −) disorder. Let
us therefore split Wˆ into the respective components,
Wˆ = Wˆ+ + Wˆ− with
Wˆ tWkα,k′α′ = tW Tαβ
(
Wˆ tW−kβ,−k′β′
)∗
T †β′α′ . (A3)
Inspired by Anderson’s work23, we use a basis where
Kramers partners, ckα and Tαβc
†
−kβ , are manifest: defin-
ing the Nambu spinor Φkα = (ckα, Tαβc
†
−kβ)
T , the
total Hamiltonian can be restated as H0 + ∆H =
1
2
∑
k,k′ Φ
†
kα
(
hˆBdG
)
kα,k′α′
Φk′α′ . We split it into three
parts, hˆBdG = hˆBdGn + hˆ
BdG
∆ + hˆ
BdG
W , defined by
hˆBdGn =
(
hˆ 0
0 −hˆ
)
,
hˆBdG∆ =
(
0 Dˆ
Dˆ† 0
)
,
hˆBdGW =
(
Wˆ+ + Wˆ− 0
0 −Wˆ+ + Wˆ−
)
,
(A4)
which correspond to the normal state Hamiltonian, the
superconducting pairing, and the disorder potential, re-
spectively. Here we use the same conventions, hˆkα,k′α′ =
δk,k′ (hk)αα′ and (Dˆ)kα,k′α′ = δk,k′(∆kT †)αα′ , as in the
main text.
It is not difficult to see that the gap of the system is
not reduced by the presence of disorder, Wˆ 6= 0, if[
hˆBdGn + hˆ
BdG
W , hˆ
BdG
∆
]
+
= 0, (A5)
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which indicates the stability of the superconduc-
tor against disorder. From Eq. (A4) follows that
[hˆBdGn , hˆ
BdG
∆ ]+ = 0 if the criterion in Eq. (8a) holds, i.e.,
if the normal state Hamiltonian and the superconduct-
ing order parameter commute. In the eigenbasis of the
normal state Bloch Hamiltonian, this condition simply
means
(Ekl − Ekl′) 〈ψkl|∆kT †|ψkl′〉 = 0, (A6)
where hk |ψkl〉 = Ekl |ψkl〉; in other words, all matrix
elements of the order parameter between different bands
l and l′ with δll
′
k = |Ekl − Ekl′ | 6= 0 have to be zero.
This is a very natural assumption as it typically holds
|∆k|  δll′k in weak-coupling superconductors. However,
in a generic basis, the condition Eq. (8a) has to be taken
into account, as we discussed in the main text.
If [hˆBdGn , hˆ
BdG
∆ ]+ = 0 holds, Eq. (A5) becomes
[hˆBdGW , hˆ
BdG
∆ ]+ = 0, which we can be further simplified
to ∑
tW=±
[
Wˆ tW , Dˆ
]
−tW
= 0. (A7)
Focusing on non-magnetic and magnetic disorder sepa-
rately, we have thus also recovered the second condition
in Eq. (8).
We finally note that the same result can be obtained
within the more conventional diagrammatic approach73:
using the same low-energy description as in the main text
where only states in the vicinity of the Fermi energy are
included, it is shown in Ref. 45 that the superconducting
critical temperature Tc is not affect by disorder in lead-
ing order in (kF l)
−1 if Eq. (9a) is satisfied. Diagrammat-
ically, this results from a cancellation of the disorder-
induced self energy and vertex correction. In the ap-
pendix below, we will recover this cancellation to leading
order in the impurity strength. We emphasize again that
such a low-energy description implicitly assumes that the
first condition (8a) or, equivalently, Eq. (A6) is satisfied.
Appendix B: Limit of weak disorder
In this appendix, we will follow the more conventional
approach and consider an ensemble of disorder configura-
tions; all physical quantities, such as the free energy be-
low, will be averaged over disorder realizations. We take
the disorder configurations to be Gaussian distributed
with zero mean such that their probability distribution
is uniquely defined by the correlator
〈Wˆx1α1,x′1α′1Wˆx2α2,x′2α′2〉dis
= δ(x1 − x′1)δ(x2 − x′2)δ(x1 − x2)Γα1α′1,α2α′2 .
(B1)
Here Wx1α1,x′1α′1 is the real-space representation of the
disorder potential Wˆ in Eq. (A2), 〈. . .〉dis denotes the
average over disorder configurations, and Γα1α′1,α2α′2 en-
codes the orbital/spin structure of the impurities. In
general, it can be expanded in Hermitian basis matrices
{wµ},
Γα1α′1,α2α′2 =
∑
µ,µ′
γµµ′(wµ)α1α′1(wµ′)α2α′2 , (B2)
allowing for the presence of different types of impuri-
ties at the same time43. For notational simplicity, we
will here focus on only one type of disorder at a time,
Γα1α′1,α2α′2 = γ(W )α1α′1(W )α2α′2 . We will not specify
the orbital structure of W and only distinguish between
time-reversal even (tW = +1) and odd (tW = −1) im-
purities, ΘWΘ† = tWW . We normalize W such that∑
α1,α2
|Wα1α2 |2 = 2.
The general expression for the disorder-averaged free
energy 〈F〉dis of Ref. 69 is also valid in the pseudospin-
triplet basis of the main text. Assuming, as usual, that
the superconducting order parameter only depends on
the position (label by Ω in the following) on the Fermi
surface, we write ∆s(k) ≡ ∆s(Ω) and find in leading
order in the superconducting order parameter
〈F〉dis ∼
∑
s,s′
∫
dΩ
∫
dΩ′∆∗s(Ω)DΩs,Ω′s′(T )∆s′(Ω
′).
(B3)
The kernel is given by
D(T ) = −T
∑
ωn
(C(ωn)− tW SS)−1 − V−1, (B4)
where SΩs,Ω′s′ = S0Ωs,Ω′s′ + S0Ωs,Ω′Ks′ (here ΩK denotes
the Kramers partner of Ω) and S0Ωs,Ω′s′ = | 〈φsΩ|W |φs
′
Ω′〉 |2
with the chiral states |φsΩ〉 defined in Eq. (5). Further-
more, we have
CΩs,Ω′s′(iωn)
=
δs,s′δΩ,Ω′
ρΩs
(
|ωn|
pi
+
∑
s˜
∫
dΩ˜ ρΩ˜s˜ SSΩs,Ω˜s˜
)
,
(B5)
where ρΩs is the angular-resolved density of states
(within our current pseudospin approach with doubly-
degenerate Fermi surfaces, it holds ρΩs = ρΩ). Finally,
the last term in Eq. (B4) is the inverse of the interaction
kernel VΩs,Ω′s′ . While this term is crucial in determining
the form of the superconducting order parameter, we will
here assume that a certain order parameter is realized
(requiring a certain underlying V) and study the impact
of disorder on it. For that reason, V will not explicitly
appear in the results below.
In Ref. 45, it was shown that S cancels out entirely
from Eq. (B4) if Eq. (9a) is satisfied. Here, we will
focus on the leading order impact of disorder for a
general superconductor for which the left-hand side of
Eq. (9a) is non-zero. Straightforward asymptotic analy-
sis of Eq. (B3) yields
Tc
Tc,0
= 1− pi
2
2Tc,0
ρFΓ
eff +O(γ2), (B6)
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where Tc (Tc,0) is the critical temperature in the presence
(absence) of disorder, ρF is the total density of states at
the Fermi level, and the effective scattering rate
ρFΓ
eff =
γ
4
∑
s
∫
dΩ ρΩs|∆s(Ω)|2
∑
s,s′
∫
dΩdΩ′ ρΩsρΩ′s′
× SSΩs,Ω′s′
(|∆s(Ω)|2 − tW∆∗s(Ω)∆s′(Ω′)) .
(B7)
Using the property74 ∆s(Ω) = ∆s(ΩK) that holds for any
system with spinfull time-reversal symmetry, Θ2 = −1,
and re-expressing the integrals in terms of momentum
averages (NΛ momentum points) over the states in the
vicinity (cutoff Λ) of the Fermi energy,∑
k
FS · · · := 1
NΛ
∑
n
∑
k,|kn|<Λ
. . . , (B8)
we can write
Γeff ∼ γ
∑FS
k,k′
∑
s,s′ |Cks,k′s′ |2
4
∑FS
k
∑
s |∆s(k)|2
. (B9)
Here Cks,k′s′ is as defined in Eq. (9b) of the main text.
Upon introducing the scattering rate τ−1 = 2piρF γ, we
thus find Eq. (10) of the main text.
We point out that Eq. (B9) can also be written in the
manifestly basis-independent form
Γeff ∼ γ
∑FS
k,k′ tr
[
Cˆ†k,k′Cˆk,k′
]
4
∑FS
k tr
[
∆†k∆k
] , (B10)
where the trace is over pseudospin space and
Cˆk,k′ = ∆kT
†Wk,k′ − tWWk,k′∆k′T †; (B11)
here all quantities are 2×2 matrices in pseudospin space.
Finally, note that we have chosen the normalization
such that Γeff = γ in the case of spin-magnetic impurities
in a singlet superconductor with a constant gap in a one-
band model (only spin, no orbital).
Appendix C: Two-band model fit to longitudinal
and Hall resistivity
We fit the longitudinal and Hall resistivity ρxx and
ρxy to the standard semiclassical expressions for a system
with electron and hole charge carriers52
ρxx =
1
e0
neµe + nhµh + µeµhB
2(neµh + nhµe)
(neµe + nhµh)2 + µeµhB2(ne − nh)2 (C1)
ρxy =
B
e0
nhµ
2
h − neµ2e + (nh − ne)µ2eµ2hB2
(neµe + nhµh)2 + (ne − nh)2µ2eµ2hB2
. (C2)
From the fit, we obtain the electon, ne, and hole, nh,
charge carrier densities as well as their respective mobili-
ties µe and µh. This allows us to estimate the scattering
rates τ−1e , τ
−1
h and the mean-free paths `e, `h in the sys-
tem. All results from the two-band fit are collected in
Table I.
Appendix D: Dimensionless scattering rate and
Abrikosov-Gorkov law
Let us briefly describe our choice of using the dimen-
sionless scattering rate
γλ =
~
2pikBµ0
∆ρ0
λ20Tc,0
= 0.97
∆ρ0[µΩ cm]
λ20[10
−7m]Tc,0[K]
(D1)
when comparing our experimental results of Tc suppres-
sion with the Abrikosov-Gorkov (AG) law (see Fig 6).
Here, ∆ρ0 = ρ
(irradiated)
0 − ρ(pristine)0 denotes the change
of the residual resistivity in the normal state induced by
electron irradiation, Tc,0 is the transition temperature in
the pristine sample, and λ0 is the T = 0 London penetra-
tion depth in the prisine sample. We find Tc,0 = 1.76 K
and λ0 = 220 nm for PdTe2.
The AG law relates the suppression of Tc with the pair-
breaking scattering rate τpb as
δTc
Tc,0
= − pi
4Tc,0τpb
. (D2)
For single-band, isotropic s-wave superconductors τpb is
given by the magnetic (spin-flip) scattering rate τm. Un-
der the assumption that all scattering processes are pair-
breaking τ = τpb, i.e. purely magnetic disorder in the
isotropic single-band s-wave case, the AG law suppres-
sion corresponds to ζ = 1 in Eq. (10a). In general, not
all scattering processes that contribute to the residual
normal state resistivity ρ0 = m
∗/(ne20τ) are pair break-
ing, which leads to ζ < 1. For example, in the case
of non-magnetic (TRS) disorder, we have illustrated the
pair-breaking processes for each of our candidate pairing
states A++1g , A
+−
1g , A
++
1u and A
+−
1u in Fig. 8.
We use electron irradiation to tune the scattering time
τ by creating point-like, non-magnetic defects in the ma-
terial. We have explicitly shown that electron irradiation
only affects the scattering time τ and does not change the
carrier density (see Sec. III and Table I). The change ∆ρ0
is thus directly proportional to ∆τ−1, and thus
γλ =
~
2pikBµ0
µ0ne
2
0
m∗
m∗
ne20
∆τ−1
Tc,0
=
~∆τ−1
2pikBTc,0
, (D3)
where we have used that the superfluid density equals
the total carrier density at T = 0. We can thus express
the AG law using the dimensionless scattering rate gλ,
which can be experimentally measured, in the form
δTc
Tc,0
= −pi
2gλ
2
∆τ−1pb
∆τ−1
. (D4)
By plotting our experimental results of δTc/Tc,0 versus
γλ, we can extract the dimensionless parameter ζ =
∆τ−1pb
∆τ−1
and compare with the AG law. The parameter ζ ex-
presses the fraction of scattering processes that are pair
breaking. For example, ζ = 1 for purely magnetic (TRA)
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Dose [C/cm2] ne [m
−3] nh [m−3] µe [m2/Vs] µh [m2/Vs] τ−1e [meV] τ
−1
h [meV] `e [nm] `h [nm]
0 4.2(1)× 1027 2.2(1)× 1027 0.10(1) 0.28(1) 70(2) 26(2) 344(5) 725(5)
1.33 4.2(1)× 1027 2.2(1)× 1027 0.05(1) 0.14(1) 140(2) 53(2) 172(5) 363(5)
TABLE I. Parameters obtained from fitting longitudinal and Hall resistivity at T = 5 K to semiclassical two-band model
expressions. For simplicity, the (inverse) scattering times are obtained under the assumption that m∗ = me. For an effective
mass different from the bare electron mass, they scale like τα → ταme/m∗. Note that the mean-free paths `α are independent
of the effective masses.
scattering in an isotropic, single-band spin-single super-
conductor. In contrast, ζ = 1/2 for non-magnetic (TRS)
disorder in the A+−1g state of a two-band superconductor
with ρ1∆1 = −ρ2∆2 (see Fig. 9), assuming that the ratio
of interband to intraband scattering is one (correspond-
ing to orbitally insensitive disorder).
Appendix E: Density-functional theory results
In this section, we discuss additional ab initio results
on the band structure, Fermi surface contour, and wave-
function characters in PdTe2. We also provide details on
the density functional theory method we use.
1. Details of DFT method
We perform calculations using our recently-developed
ab initio tight-binding (TB) framework75. Realistic TB
Hamiltonians are constructed via the maximally local-
ized Wannier functions (MLWFs) method76 as imple-
mented in wannier9077 through a postprocessing pro-
cedure76,78,79 using the output of the self-consistent Den-
sity functional theory (DFT) calculations. The details of
our methods and applications can be found in Ref. [75].
DFT calculations are performed using a full-potential
linear augmented plane wave (FP-LAPW) method, as
implemented in wien2k68. The primitive cell con-
tains one formula unit, and experimental lattice param-
eters80 are adopted. The generalized gradient approx-
imation of Perdew, Burke, and Ernzerhof81 are used
for the correlation and exchange potentials. To gener-
ate the self-consistent potential and charge, we employed
RMT ·Kmax = 8.0 with Muffin-tin (MT) radii RMT = 2.5
and 2.3 a.u., for Pd and Te, respectively. The calcula-
tions are performed with 1078 k-points in the irreducible
Brillouin zone (BZ). They are iterated until charge dif-
ferences between consecutive iterations are smaller than
1.0×10−4e and the total energy difference is lower than
0.01 mRy. Note that spin-orbit coupling is included in
the Hamiltonian.
We construct the TB Hamiltonian by using 54 MLWFs,
which correspond to s-, p-, and d-type orbitals for each
of the three atoms in the unit cell. A real-space Hamil-
tonian H(R) with dimensions 54×54 is constructed to
accurately represent the band structures in the energy
window of interest. We focus on six pairs of doubly-
degenerated bands around EF and examine how their
wavefunction characters evolve along the k paths in BZ.
2. Fermi surface
The band structure and a cross section of the Fermi
surface in the kx-ky plane at kz = 0 is shown in Fig. 7.
We provide additional Fermi surface cross sections for
other values of kz in Fig. 10. The band structures are
calculated in TB, within the energy window of interest,
are essentially in perfect agreement with those obtained
from DFT (not shown). There are four pairs of doubly-
degenerate bands across EF on the Γ–M–K plane, form-
ing two hole-pockets and two electron-pockets around Γ
and K, respectively. The larger hole-pocket around Γ
has a strong anisotropy so that the Γ–K direction has a
much larger radius than the Γ–M direction.
3. Parity character of bands
We qualitatively estimate the parity mixing effects by
calculating how the characters of bands near EF change
through the first BZ within TB. The eigenvectors of k
point are calculated and projected on those of the Γ
point, which have a well defined parity (see Fig. 12). Fig-
ure 11 shows the calculated projections. The projection
of the jth pair at k on the ith pair at Γ is defined as below
P (Γ, i;k, j) =
√∣∣∣〈ψi,1Γ |ψj,1k 〉∣∣∣2 + ∣∣∣〈ψi,2Γ |ψj,1k 〉∣∣∣2 (E1)
+
√∣∣∣〈ψi,1Γ |ψj,2k 〉∣∣∣2 + ∣∣∣〈ψi,2Γ |ψj,2k 〉∣∣∣2. (E2)
Here i and j denote the pair index of the six doubly-
degenerated bands near EF, and ψ
i,1
k and ψ
i,2
k are the
wavefunctions of the two degenerated states of the cor-
responding ith pair at momentum k.
Appendix F: Gap anisotropies consistent with Tc
suppression
In this section, we provide details of the behavior of the
sensitivity parameter ζ, which governs the Tc suppression
rate, for the case of multiple constant gaps on different
Fermi sheets. We analyze Eq. (14) in the case of N = 2
(one gap ratio) and N = 4 (three gap ratios).
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FIG. 10. Fermi surface contour in PdTe2 for kz =
0; 0.1; 0.2; 0.3; 0.4; 0.5.
1. Case of one gap ratio
Here we consider the case of two different gap sizes
∆1 and ∆2 in the system. The gaps are assumed to be
constant around a given Fermi sheet. This corresponds
to the N = 2 case in Eq. (14). As shown in Fig. 7, the
Fermi surface manifold of PdTe2 consists of four Fermi
sheets with respective density of states
ρa = 0.01 ρb = 0.39 (F1)
ρc = 0.91 ρd = 0.05 . (F2)
Let us denote the total Fermi surface manifold by C =
{a, b, c, d} and the subset that exhibits a gap ∆1 by C1.
The remaining set C2 = C \C1 correspond to the sheets
with a gap ∆2. In Table II, we present results of the gap
anisotropies ∆1/∆2 that are consistent with the exper-
imentally observed sensitivity parameter ζ ' 1/16. We
consider all possible cases of how ∆1 and ∆2 are dis-
tributed over the four Fermi surfaces a, b, c, d. The table
also contains the parameter ν that enters Eq. (14). This
is the ratio between the combined densities of states of
0
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FIG. 11. Projections of the eigenstates at momenta k along
the Γ–M line on those of the Γ point, P (Γ, i; k, j). The index i
or j denotes one of the six pairs of doubly-degenerated bands
near EF, as shown in Figs. 7 and 12. The index i, j = 1
corresponds to the lowest energy band and i, j = 6 to the
highest at Γ.
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FIG. 12. Band structure along A–Γ–M path in the Brillouin
zone. The ± signs indicate the parity eigenvalues of the bands
at the inversion symmetric high symmetry points.
the bands C1 and C2:
ν =
∑
n∈C1 ρn∑
n∈C2 ρn
. (F3)
As shown in Table II, the most isotropic state occurs
for the A+−1g state with C1 = {d}. For this state that two
gap sizes are about equal in magnitude |∆1|/|∆2| = 0.98.
This state is thus perfectly consistent with both the Tc
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C1 ν (∆1/∆2)1 (∆1/∆2)2
{a} 7.5× 10−3 5.6 −3.3
{b} 0.40 2.1 0.32
{c} 2.1 2.8 0.48
{d} 0.034 3.3 −0.98
{a, b} 0.41 2.1 0.33
{a, c} 2.1 2.8 0.48
{a, d} 0.042 3.1 −0.78
{c, d} 2.4 3.0 0.47
TABLE II. List of all possible gap anisotropies ∆1/∆2 dis-
tributed over the four Fermi sheets of PdTe2 {a, b, c, d} that
are consistent with the experimentally observed sensitivity
parameter ζ ' 1/16. The gap ratios are obtained from
Eq. (14). The set C1 denotes the Fermi sheets with gap
∆1, the complementary set exhibits a gap of size ∆2. The
value ν =
∑
n∈C1 ρn/(
∑
n ρn −
∑
n∈C1 ρn) denotes the ratio
of the density of states on the two pockets with either ∆1
or ∆2, where we obtain ρa = 0.01 eV
−1, ρb = 0.39 eV−1,
ρc = 0.91 eV
−1, and ρd = 0.05 eV−1 using DFT. We observe
that the smallest anisotropy is obtained for the A+−1g state
with C1 = {d} corresponding to a sign change between the
small electron pocket d and the other three pockets. The min-
imal anisotropy for the A++1g is about 2.1 and is realized for
various combinations C1 =
({a, b}, {b}, {c}, {a, c}, {c, d}).
suppression rate we observe and the fact that the London
penetration depth can be well captured by a single gap
energy scale.
The smallest anisotropy we find for the A++1g states is
about two: ∆1/∆2 = 2.1 and ∆1/∆2 = 0.48 (note that
1/0.48 = 2.1). Such a state is realized for various ways
of distributing ∆1 and ∆2 over the Fermi sheets
C1 =
(
{a, b}, {b}, {c}, {a, c}, {c, d}
)
. (F4)
All other states that are consistent with a sensitivity pa-
rameter of ζ ' 1/16 exhibit a degree of anisotropy larger
than two.
2. General case of three gap ratios
Here, we analyze the general case of N = 4 in detail,
where we allow for four different gap values on the four
Fermi sheets {a, b, c, d} of PdTe2. As shown below, we
find that the conclusions obtained from the N = 2 case
discussed above remain unchanged.
For N = 4, the expression for the sensitivity parameter
in Eq. (14) takes the form
ζ =
1
2
− (1 +
∑c
j=a νjηj)
2
2(1 +
∑c
j=a νj)(1 +
∑c
j=a νjη
2
j )
, (F5)
where νj = ρj/ρd and ηj = ∆j/∆d. Note that the sum-
mations run over the three Fermi surfaces {a, b, c}. We
can use Eq. (F5) to eliminate one of the ηj , say ηc, and
obtain a family of solutions as a function of ηa and ηb
that fulfill the condition ζ ' 1/16 imposed by our ex-
perimental results. There are two independent solutions,
η±c (ηa, ηb), that differ from the sign in front of the square
root (±). They need to be investigated separately.
To find the gap ratios that correspond to the most
isotropic solutions, we minimize the function
h(ηa, ηb) = (η
2
a−1)2+(η2b−1)2+
[
ηc(ηa, ηb)
2−1]2 . (F6)
For η+3 there occur three local minima. The global mini-
mum is very close to the C1 = {d} isotropic A+−1g solution
found above (see Table II):
η1 = 1.00 , η2 = −1.01 , η3 = −1.02 . (F7)
One of the other two local minima corresponds to a (++
++) solution, where the gap has the same sign on all the
four Fermi surfaces: η1 = −1.00, η2 = 0.33, η3 = 0.96.
This state, however, has a larger degree of anisotropy
(' 3.0) than the one found (' 2.1) for one gap ratio (see
Eq. (F4)).
Turning to the analysis of the other solution η−c , we
find three local minima of Eq. (F6). Two of them cor-
respond to sign changing solutions with a larger degree
of anisotropy than the state C1 = {d}. The third lo-
cal minimum, however, corresponds to a sign preserving
(+ + ++) that is (slightly) more isotropic than any of
the states found for one gap ratio. Specifically, its gap
configuration reads
ηa = 1.00 , ηb = 1.07 , ηc = 0.51 . (F8)
Since 1/0.51 = 1.98 < 2.10 this state is slightly less
anisotropic than the solutions described by Eq. (F4).
Since the reduction of the degree of anisotropy is about
6% only, however, our main conclusion that the sign pre-
serving solutions are not consistent with the fact that
λ(T ) can be described by a single gap energy scale still
holds.
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